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METHOD
Eight healthy male golfers were recruited as subjects for this study. These
golfers were free from injury and currently hold a GUI (Golfing Union of
Ireland) official handicap. Prior to testing each golfer completed an
informed consent form and a medical questionnaire. Each golfer was
placed in one of two groups based on official handicap: Category 1 (CAT1)
and Category 3 (CAT3). Based on GUI handicap system the CAT1 group
consisted of golfers with handicaps that ranged from 0 to 5 and the CA 3
group included golfers with a handicap of 13 to 20.
Following approval from The University of Limerick Ethics Committee
each volunteer performed 7 trials using their own driver in an indoor
driving facility. Kinematic data was collected using a six camera system
(Motion Analysis Corp., Santa Rosa, California) operating at 240Hz for
spherical reflective surface markers placed on the body and the golf club.
The 7 trials for each subject were digitized and comparisons were made at
key events during the swing. The address (ADD) was defined as the club
and body position prior to the initial movement of the club, top of the
backswing (TB) was defined as maximum rotation of the left wrist marker
(LWRI), wrist release (WR) occurred at the first increase in left wrist angle
during the downswing and ball impact (IMP ) was defined as the frame
when the clubhead returns to ADD position. SPSS (SPSS Inc. Chicago, IL,
USA) was used for statistical analysis. Using this software a one-way
analysis of variance (ANOVA) was used to test difference among subject
groups
Conclusions
REFERENCES
Hume, P. A., Keogh, J. & Reid, D. (2005) The role of biomechanics in maximising distance and accuracy of golf shots. Sports
Medicine, 35, 429-449
Libkuman, T.M., Otani, H.. & Steger, N.. (2002) Training in Timing. The Journal of General Psychology, 129(1), 77-96.
Pickering, W. & Vickers, G. (1999) On the double pendulum model of the golf swing. Sports Eng. 2, 161–172.
Sprigings, E. J. & Mackenzie, S. J. (2002) Examining the delayed release in the golf swing. Sports Engineering, 5.
Wheat, J., S., Vernon, T. & Milner, C. E. (2007) The measurement of upper body alignment during the golf drive. Journal of Sport
Sciences, 25, 749-755.
Results
Total Swing 
Time
BSWG 
Time
DSWG 
Time
% 
BSWG
% 
DSWG
% of DSWG 
to WR
Cat 1 0.97 .12* 0.73 0.1* 0.24 .04* 75.49 24.51 75*
Cat 3 1.18 .15* 0.84 0.1* 0.34 .07* 70.88 29.12 71*
Handicap Age Height (cm) Weight (kg)
Cat 1 (n=4) 17.8 1.3 23.8 3.6 185.5 4.0 87.3 3.4
Cat 3 (n=4) 4.5 0.5 26.8 10.4 183.5 5.0 83.3 5.1
Figure 3. Head Position @ TB (Frontal Plane)
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Results from this study indicate that timing, WR and head movement
differences exist between skill groups.
The CAT1 group achieved significantly less vertical head movement at the
TB as can be seen in Fig 3. This may be translated to an overall lifting of the
body rather than a rotation of the trunk and shoulders. CAT1 golfers
exhibited a significantly faster swing when compared to CAT3 golfers (Table
2). Also, a greater percentage of this swing time was during the BSWG for
CAT1 (75%) compared to CAT3 (70%). The WR of the CAT1 group occurred
later in the downswing (75%) compared to that of CAT3 (71%).
Based on this study, markers for improved performance can be set for less
skilled golfers. Vertical movement should be minimised during the BSWG
with a focus on rotation and a slight lateral shift. The overall swing time
should be reduced and a greater proportion of the total swing time
allocated to the BSWG. Finally, the wrist angel during the DSWG should be
reduced and maintained until 75% of the DSWG has been completed. This
delay in WR in CAT1 coupled with a greater wrist flexion (CAT1=106.1 ;
CAT3=85.5 ) will increase the angular velocity of the clubhead during the
downswing.
Figure 4. Head Position @ IMP (Frontal Plane)
Table 1. Subject Details
Table 2. Comparison of Mean Timing (secs) for CAT1 and CAT2
INTRODUCTION
Participation in golf is increasing annually with now over 4 million individuals
with official handicaps in Europe alone (KPMG, 2007). Given the Council of
National Golf Unions’ (CONGU) handicap system, golfers of all skill levels
can compete on an equitable basis. However, key differences in swing
technique may exist between golfers of varying abilities. The aim of this
study is to characterise these differences and provide information that will be
beneficial to swing coaches.
Within recent years, biomechanics of the golf swing has attracted
considerable attention within the literature (Hume et al., 2005; Wheat et al.,
2007; ). The majority of this biomechanical research has focused on elite
level (professional) and highly skilled golfers (Category 1) only. As golf is
accessible to all ages and skill levels, research in the area of golf
biomechanics must be extended to understand the movement of the more
prevalent less skilled golfers.
Figure 1. CAT1 Wrist Release Figure 2. CAT3 Wrist Release
During the downswing, the wrist un-cocks by Ulnar deviation and this occurs
as close as possible to impact without effecting accuracy. This delay in wrist
release (WR) results in an increased angular velocity of the clubhead during
the downswing. Research has suggested that this delay in un-cocking of the
wrist can increase clubhead speed at impact (Sprigings & Mackenzie, 2002).
Many golf coaches have highlighted the importance of minimising head
movement during the golf swing. However, recent anecdotal evidence has
been conflicting as to the benefits of this movement. There has also been
significant anecdotal importance placed on the timing of the golf swing.
Libkuman et al., (2002) highlighted the failure in maintaining proper timing
throughout the golf swing as being the major downfall in actual competition
for golfers. Currently, there is a lack of empirical evidence comparing the
timing properties between handicap categories.
